Abstract
65
Other pharmaceuticals of special environmental concern are the selective of SSRIs (Fong, 1998; Fong et al., 1998; Honkoop et al., 1999) . Fong (1998) reported 100 that water fluoxetine levels of 34 to 340 g/l induced spawning in male zebra mussels 
Experimental design

143
Environmental conditions, i.e. temperature, conductivity of ASTM water and 144 photo-period simulated the original conditions of mussels. Animals were fed daily with 145 a suspension 1:1 of algae Scenedesmus subspicatus and Chlorella vulgaris (10 6 146 cells/ml). Water was renewed every day. After acclimatization, 400 mussels were for 6-days added to the rearing water. There were two sets of controls: non-exposed 152 mussels (C) and mussels exposed to 0.002% triethylene glycol, used as a carrier solvent 153 (SC). Water was changed daily and a fresh dose of fluoxetine was added; mussels were 154 fed every 48 hours adding food 15-30 min before water renewal. After 6-day exposure, 155 mussels were dissected, the gills separated from the whole body and stored at −80 ºC.
156
For histology, 20 organisms per exposure group were dissected, placed into cassettes 157 and fixed in 4% buffered formaldehyde (0.1 M phosphate buffer, pH 7.4) for 48 h. 
Analysis of tissue steroid levels
165
Tissue levels of free testosterone and estradiol were analyzed as described in Waters, Milfold, MA, USA). The C18-NH 2 system was then washed with 8 ml n-177 hexane and the steroids eluted with 9 ml dichloromethane: methanol (7:3). This fraction 178 was collected and evaporated to dryness.
179
Total testosterone and estradiol (free + esterified) were measured as described by KOH, and incubated at 45 °C for 3 h. After the saponification step, Milli-Q water (4.0 184 ml) was added, and the sample extracted with dichloromethane (3×3 ml).
185
The efficiency of the extraction and delipidation procedure was 74 ± 3% for 186 testosterone and 80 ± 3% for estradiol (Morcillo et al., 1999) . The recovery for the 187 purification step (SPE cartridges), evaluated with radiolabelled steroids was in the range were pre-concentrated in Oasis 60 mg SPE cartridges which were conditioned with 10 235 ml of methanol followed by 10 ml of water; water was pre-concentrated at a flow rate of 236 10 ml/min and eluted with 2x4 ml of methanol. This extract was then reduced under 237 nitrogen to incipient dryness and reconstituted with 500 μl of the mobile phase. 
Statistical analyses
248
Differences in steroid levels were determined by one-way ANOVA, followed by 
Results
259
Water analyses
260
During the entire experiment, oxygen levels were 90% of saturation and pH was (Fig. 1A) . In addition a few pedunculated oocytes were located at the (Fig. 1C) .
280
Exposure to fluoxetine dramatically decreased the number of oocytes per follicle 281 and spermatozoa density in tubules (Fig. 1B, D) . In exposed females, the central lumen 282 was mostly empty, only a few residual oocytes were found at the periphery of the 283 follicles (Fig. 1B) . Exposed males showed a reduction in the number of spermatozoa in 284 the center of the lumen concomitant with a thickening of the connective tissue layer 285 (Fig. 1D) . Also the typical star shaped alignment of the spermatozoa in the center of the 286 lumen was much less apparent in males exposed to fluoxetine. In female gonads, nested (Fig. 2B) . The decrease in 298 spermatozoa density was of 21% and 25% for 20 and 200 ng/l fluoxetine, respectively. 
Tissue steroid levels
301
Steroid levels were measured in the soft tissue of control and fluoxetine exposed 302 organisms. Levels of free/unconjugated testosterone were in the range of 0.08 -0.14 303 ng/g wet weight, and levels of free estradiol were of 0.04 -0.10 ng/g wet weight. No 304 significant (P<0.05) differences were observed between control and exposed organisms 305 (Fig. 3A) . After saponification of the samples, the ester bonds of the steroid metabolites 306 were cleaved and total steroids (including both free and esterified forms) were 307 determined. Esterified steroids were determined by subtraction of free steroids from 308 total steroid content. Both testosterone and estradiol were predominately found in their 309 esterified form (97.6% to 98.9%). Esterified testosterone was in the range of 3.39 -4.38 310 ng/g wet weight and esterified estradiol ranged from 5.77 to 12.79 ng/g wet weight.
311
After six day exposure, esterified estradiol levels increased significantly (P<0.05) 1.5 312 fold in the group exposed to 200 ng/l fluoxetine. Interestingly, no alterations were 313 detected in esterified testosterone levels (Fig. 3B) . 
Discussion
316
The histological analyses of fluoxetine-exposed zebra mussel gonads clearly 317 showed a significant decrease in the number of oocytes within the follicles and of 318 spermatozoa density within the male seminiferous tubules, suggesting the ability of 319 fluoxetine to induce spawning at rather low concentrations (20-200 ng/l). The 320 apparently lower gamete decreases reported for males than for females (Fig. 2) is related were evaluated. On the contrary, mature ovarian mostly had mature oocytes that were 327 released after fluoxetine exposure (Fig. 1) . Fong (1998) . In particular, the present results showed that at ng/l, fluoxetine was able to alter the 399 steroid metabolism and reproduction of mussels. 
